. Full 19 F NMR spectra recorded after 48h for: control reaction 1a (upper -without amino acid) and reaction with the substrate: (lower for L-cysteine). Main peaks were assigned by comparison of chemical shifts with literature. Such analysis allowed easy identification of distinct amino acid derivatives peaks (above >1% conversion relative to internal standard) in reaction mixtures, here at -42.2 ppm for cysteine.
Common background reaction involved reaction of acetate from the buffer, the products of which yielded two distinct triplets; one (-64.6 ppm) could be identified as 3,3,3-trilfluropropanoic acid by comparison of 1 H and 19 F chemical shifts with literature 1 . Similarly, peak at -88.4 ppm was attributed to radical precursorsodium triflinate, while that at -79.8 ppm to its oxidized derivative -NaOSOOCF 3. Upfield peaks at -122 pm and -132.2 ppm may indicate presence of inorganic fluorides such as F -and side product from reaction with glass SiF 6 2-or its other pH dependent forms.
Apart from reaction for cysteine, new peaks from reactions with other amino acids (>1% integration relative to internal standard) appeared only in narrow region from -58 to -65 ppm, which is futher investigated in Figure S2 . Most amino acids did not yield trilfuoromethylated derivative indicated by the absence of peaks typical for R-CF 3 groups (generally chemical shift region from -52 to -87 ppm) 2 . As expected, amino acids with (hetero)aromatic side chains yielded distinct set of singlets. Figure S2 . Selected region of 19 F NMR spectra recorded after 48h of reaction for unprotected amino acids and for control reactions without amino acid.
[a] Tyrosine was not fully soluble under reaction conditions, its solubility was estimated as 1.3 mg/mL (~13%) by 1 H NMR concentration determination relative to internal standard. [b] Main peak for reaction with cysteine appears at -42.2 ppm and is shown in Figure S1 . Table T1 . 19 F NMR chemical shifts of main products of trifluoromethylation of 20 natural amino acids under proposed conditions. Peaks in bold correspond to compounds where conversion with respect to amino acid substrate exceeded >20%. 
Reaction Multiplicity and chemical shift of most intensive peaks

Competition assay for reactive amino acids
Equimolar mixtures of previously identified reactive amino acids (Trp, Tyr, Phe, His and Met as an neutral additive) were prepared in buffer of desired pH.The procedure from the reactivity screen was followed and the amino acids were mixed in equimolar proportions. Each mixture was analysed both at pH 6 and pH 8 and additionaly with added Cys. After 48 h crude reaction mixture was filtered and analysed by quantitative 19 F NMR. 
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Elucidation of modification site for melittin by LC-MS/MS
Modified peptide sample was digested with trypsin according to general protocol and subjected to MS/MS analysis. Modified tryptic peptides were found, fragmentation of which revealed Trp19 as only site of trifluoromethylation. The detected side products under prolonged reaction were those derived from oxidation or double trifluoromethylation at Trp19. Figure S5 . Peptide map, representative MS/MS spectra for trifluoromethylated sample of melittin as well relative ionization intensity of detected species constituting side products under prolonged conditions.
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Assessment of solvent accessibility for reactive residues in myoglobin (pdb: 1YMB) Figure S6 . Solvent accessibility map of potentially reactive residues in myoglobin. Solvent accessible (SA) area calculated with Chimera (v. 
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Optimization of trifluoromethylation of myoglobin
The modification pattern is highly dependent on the conditions of the reaction, mostly NaTFMS/TBHP excess, time of the reaction as well as on the pH of the buffer. Increase of temperature usually led to faster degradation of the protein while changes to ionic strength resulted in only minor change in kinetics of the reaction. S10 Figure S7 . Relative modification pattern of myoglobin as judged by deconvoluted LC-MS spectra from reactions under different conditions (see Table T4 ). Various parameters can be adjusted to obtain desired level of fluorination.
Oxidative test reactions for Mb
Oxidation by TBHP could not be observed for myoglobin reacted at pH 6. Low level of oxidation was induced by lowering the pH (or lack of buffering). Incubation with 25 eq TBHP without NaTFMS caused rapid oxidation of the protein. The effective role of sulfinate as a redox buffer in reducing direct oxidation of protein is consistent with the mechanism depicted in Figure 1 . Elucidation of site modification for myoglobin by 19 F NMR: full spectrum Figure S11 . Full 19 F NMR spectra of native (blue) and denatured Mb-CF 3 sample (red) both ~200 µM.
Note appearance of peaks in denatured spectrum at -60.4 ppm and -64.2 ppm which roughly corresponds to the chemical shifts of modified histidine. Peaks around -76 ppm do not correspond to products seen in AA model and may constitute possible complex side product, which is not affecting protein fold. The rest of the peaks were previously identified as radical precursor (used for reference) and its residual oxidized counterpart. The coalescence that we observe around closer to CF 3 -Trp and with a precision that would allow distinction from CF 3 -His (-58.7 ppm cf -60.6, -64.4 ppm see Table T1 and Fig S1) suggest that CF 3 -His is not present at high levels but we cannot discount the possibility that there are low levels of CF 3 -His present, consistent with the low levels we see from the model experiments and MS/MS. 
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LC-MS characterization of modified PanC
S16
F NMR and LC-MS characterization of modified lysozyme
Figure S15. 19 F NMR spectra of LyCF 3 (~800 µM) and corresponding deconvoluted LC-MS spectrum.
Presence of two main peaks suggests the reaction took place preferentially at particular Trp residues. The low intensity of the the peak at ~-42 ppm suggests that the breakage of the disulfide bond and modification of the Cys residue is negligible. The NMR spectrum was obtained with 128 scans. The fragmentation spectra corresponding to specific modification of Trp111 was not found.
Elucidation of site modification for lysozyme by LC-MS/MS
Attempted elucidation of site modification for lysozyme by 19 F NMR: analysis of tryptic peptides Figure S18 . 19 F NMR spectra of native (red ~400 µM) and trypsin-digested Ly-CF 3 sample in 2M urea (blue from 2 mM protein) treated with 1 Hz line broadening. Peaks corresponding to peptides with fully unfolded Trp-CF 3 cluster around the chemical shift of small molecule model of CF 3 -ylated Trp (marked with dotted line), whereas other peaks at more shifted range < -61.0 ppm were also observed (relative combined intergration ~ 5:1.5). No peak is observed at -42 ppm suggesting the cysteine residue remained unmodified. In contrast to myoglobin, CD measurements suggest incomplete denaturation of Ly-CF 3 under these conditions.
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Elucidation of site modification for lysozyme by 19F NMR: thermal denaturation Figure S19 . 19 F NMR spectra of native LyCF 3 sample at different temperatures: blue: 25 o C, and red: 70 o C, ~600 µM. Dotted line denotes location of the peak for small molecule model TrpCF 3 . In contrast to tryptic methods used in Figure S18 , thermal denaturation simplifies the spectrum, highlighting the main modifications at Trp residues through coalescence to a essentially a single chemical shift. The coalescence that we observe around closer to CF 3 -Trp and with a precision that would allow distinction from CF 3 -His (-58.7 ppm cf -60.6, -64.4 ppm see Table T1 and Fig S1) suggest that CF 3 -His is not present at high levels but we cannot discount the possibility that there are low levels of CF 3 -His present, consistent with the low levels we see from the model experiments and MS/MS.
Effect of trifluoromethylation on structure of lysozyme 
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Determination of binding constants for lysozyme ligand using PrOF
General protocol for PrOF assay was followed 5 . 420 µM protein sample was titrated with berberine prepared as 50 mM stock in DMSO. Differences in chemical shift were corrected for DMSO induced shift applying linear correction function. Center of resonance was determined using generalized Lorentzian fitting function with MestReNova software (v. 11). Effect of trifluoromethylation on activity of lysozyme Figure S22 . Lysozyme Turbidimetric Activity Assay. Decrease in turbidity of cell suspension upon addition of lysozyme over time. Inset shows region used to determine initial rate activity. LyCF 3 sample was prepared according to the general protocol. See Table T5 for determined data. 
PrOF 19 F NMR studies for MbCF 3 : ligand screen
The protein samples were prepared according to general protocol, and diluted to final concentration of ~(100 -200) µM in 100 mM NH 4 OAc pH 8, containing 10% of D 2 O. Concentrated stock of the ligand (1 -2 M) was prepared in the same buffer. Figure S24 . Comparison of Mb-CF 3 19 F NMR spectra incubated at rt (~4h) with different compounds.
PrOF 19 F NMR studies for MbCF 3 : phenol titration
General protocol for PrOF assay was followed as described above 5 using aqueous stocks of phenol at different concentrations. 
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General information Synthesis & characterization
Reagents (including horse heart myoglobin, hen egg-white lysozyme) and solvents were purchased from commercial suppliers (mainly Sigma-Aldrich and Alfa Aesar) and used without further purification. Wild type PanC (with C-terminal HisX6 tag) was expressed and purified according to the established procedures 9 . PD SpinTrapTM G-25 and PD MidiTrapTM G-25, desalting columns were purchased from GE Healthcare Life Sciences. All reactions were carried out in 2 mL microcentrifuge tubes at ambient temperature or on ice, open to air. The reactions mixtures were not stirred as it was found that trifluoromethylation under such conditions may be detrimental to the overall yield 10 . 
Mass Spectrometry
Small molecule low-resolution mass spectroscopy was recorded on an Aglilent 6120 Quadrupole spectrometer while high-resolution mass spectra were acquired on a Bruker Micro TOF ESI mass spectrometer. Proteins were analysed using liquid-chromatography-mass spectrometry (LC-MS) system using Waters LCT Classic with Shimadzu 20 Series HPLC. Desalting was achieved by Merck Chromolith C18 column (50 x 2 mm) or Thermo Proswift (250 x 4.6 mm x 5 µm) columns. Water:acetonitrile (95:5 solvent A) and acetonitrile:water (95:5 solvent B), both with 0.1% formic acid, were the mobile phase eluting at 0.4 ml/min. The gradient program was: 95% A (2 min isocratic) to 95% B after 8 min then isocratic for 3 min. The following instrument parameters were used: capillary voltage 3 kV, sample cone voltage 100 V, desolvation temperature 300 °C, source temperature 120 °C, cone gas flow 50 L/h, desolvation gas flow 300 L/h (both N 2 ). Ion series masses were calibrated to at least 19 matched peaks of the multiply charged ion series of equine heart myoglobin analysed in the same way.
Tandem Mass Spectrometry
Tryptic peptides were analyzed on an NanoAcquity-UPLC system (Waters) coupled to an Orbitrap Elite mass spectrometer (Thermo Fischer Scientific) possessing an EASY-Spray nano-electrospray ion source (Thermo Fischer Scientific). The peptides were trapped on an packed guard column (75 µm i.d. x 20 mm, Acclaim Pepmap100 C18, 3µm, 120 Å) using solvent A (0.1% Formic Acid). 2µl injection peptides were separated on an EASY-spray Acclaim PepMap® analytical column (75 µm i.d. × 15mm, RSLC C18, 3 µm, 100 Å) using a linear gradient (length: 68 minutes, 3 % to 97 % solvent B (0.1% formic acid in acetonitrile), flow rate: 300nL/min). Data-dependent MS acquisition full-scan MS spectra were collected (scan range 350-1500 m/z, resolution 120 000, AGC target 1E6, maximum injection time 100 ms). After the MS scans, the 10 most intense peaks were selected for CID fragmentation at 35 % of normalized collision energy. CID spectra were acquired in the Iontrap (AGC target 1e3, maximum injection time 50 ms). The coverages obtained were: Mb = 86%, PanC = 85% and Ly = 99%.
MS Data Analysis
Mass spectra were reconstructed using MassLynx (Waters) Max(imum) Ent(ropy) deconvolution algorithm. Proteins molecular weights were calculated with the ExPasy ProtParam tool (http://web.expasy.org/protparam/). Conversion was determined by calculation of intensity ratios between peak of interest and intensity sum for all peaks. Such method has been previously applied for quantification of protein reactions mixtures. It was concluded that ionization of proteins (and therefore observed peak intensity) does not change because of small molecule modifications, as the process is dependent on total surface composition. [13] [14] [15] For MS/MS data, generated raw data files were processed using ThermoBioPharma software (Version 2.0) using Default Peptide Mapping Method. FASTA sequences of used proteins were downloaded from UniProt database (March 2017). A maximum number of 3 missed cleavages for digestion enzymes was chosen. Oxidation (MW) and trifluoromethylation (for WYCHFM +68) were used as variable modifications. In case of cysteine containing protein carbamidomethylation was chosen as fixed modification. All assigned spectra were manually validated. Relative modification was calculated using %Abundance parameter available in the software. Although a useful indication, there are of course limits on its quantitative nature as we are using here label free quantification. Given these limitations, the distribution of products was elucidated where possible by 19 F NMR (see below) and confirmed with MS/MS.
Optical spectroscopy
Circular dichroism spectroscopy was carried out using a Chirascan CD spectrometer (Applied Photophysics) in a Peltier temperature-controlled cell holder. Experiments were performed in duplicate at 25 °C in a 0.1 cm path length cuvette using ~0.2 mg/mL protein in 10 mM PBS (pH 8.0). Spectra were recorded from 185 to 260 nm with 0.5 nm intervals. The data for each point was averaged for >2 s. Obtained spectra were baseline corrected and normalized at point of maximum elipticity for comparison. UV-VIS spectra were acquired on SpectroStar Omega spectrometer (BMG LabTech). Fluorescence measurements were conducted using Perkin Elmer Luminescence Spectrometer LS55 (excitation,emission slit 2.5 nm, scan rate 100 nm, averaged from 2 spectra) and standard quartz cuvette.
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Experimental procedures Trifluoromethylation: amino acids
Amino acid (0.03 mmol, 1 eq) was weighed into microcentrifuge tube and dissolved by mild heating (40 °C) and sonication (~5 min) with minimum amount of aqueous NH 4 OAc (1M, pH 6.0) buffer (<0.6 mL). The resulting solution was cooled on ice and NaTFMS (sodium triflinate, 46.8 mg, 0.3 mmol, 10 eq) was added. The reaction was initiated by addition of cooled TBHP (10.4 µL, 7.2 M aq. solution, 0.075 mmol, 2.5 eq). Mixture was kept on ice for 2 hours and then incubated at rt for 46 hours. After this time it was freezed with liquid nitrogen and lyophilized. Crude solid was dissolved in water subjected to suitable purification: flash column chromatography or RP-HPLC.
Trifluoromethylation: peptide/protein low scale (~µg) on example of myoglobin NaTFMS (0.88 µL, 100 mg/ml, 200 eq), methionine (0.53 µL, 20 mg/mL, 25 eq) and TBHP (7.1 µL, 10 mM, 25 eq) were added sequentially to myoglobin (1 mg/mL = 57 µM, 50 µL, prepared in 100 mM NH 4 For NMR. General protocol was followed where ~16.5 mg of trifluromethylated protein sample after Midi Trap G25 purification was digested with trypsin and reaction mixture was analysed directly after overnight digest (without aq. formic acid quench).
Trifluoromethylation: protein multi ~mg scale on example of myoglobin
A solution of myoglobin (20 mg/mL, 500 µL, in aq. 1 M NH 4 OAc buffer pH 6, 0.28 µmol) was cooled on ice, before addition of NaTFMS (26.7 mg, 300 eq), methionine (1.9 mg, 25 eq) and TBHP (19.8 µL, 720 mM, 25 eq). The reaction was quenched with 4-hydroxy-TEMPO (500 µL, 4 mg/mL, 20 eq) after 10 min. The protein sample was desalted with PD MidiTrap G-25, according to manufacturer's instructions, diluted up to 10% of D 2 O and directly used in 19 F-NMR studies. Average yield based on protein recovery for Mb:
74±8% (Bradford assay). For lysozyme and PanC essentially the same protocol except that 200 eq of NaTFMS was used; PanC yield: 64% (Nanodrop absorbance); average yield for Ly: 66±12% (Bradford assay).
Activity assay for lysozyme
The turbidimetric activity assay was conducted according to modified general protocol 17 adjusted for 96-well plate reader. Activity was determined upon measuring rate of absorbance decrease at 450 nm for 0.02% 240 µL cell suspension of Micrococcus lysodeikticus incubated with 20 µL lysozyme sample. Following unit definition was used: -one unit of Ly produces a ΔA 450 of 0.001 per minute at pH 6.2 at 25 °C using a 0.02% suspension of Micrococcus lysodeikticus as substrate in a 260 µL reaction mixture. Rate of the lysis (activity) was determined by fitting slope of the linear region (first 2.5 minutes of the measurement) of blank corrected absorbance decay. The experiment was performed twice and in duplicate. Concentration of the samples was controlled with micro Bradford assay calibrated for quantifyng 1 -10 µg/mL solutions of the protein in a sample 96-well plate. LyCF 3 was prepared according to general protocol, and purified additionaly by SpinTrap G25 before the assay, according to manufacturer instructions.
